Abstract. This study was conducted to investigate marriage and fertility in long-term survivors with high-grade bone and soft tissue tumors following chemotherapy. We reviewed issues related to fertility in 47 patients (24 men and 23 women) who had survived for >5 years. The median age at diagnosis was 18.0±8.9 years and the mean duration of follow-up 11.0 years. We investigated the proportions of married subjects (number of married/total number of subjects) and fertile subjects (number who had fathered or conceived offspring/total number of subjects), the interval between first delivery and last chemotherapy, type of delivery, congenital deformities in the offspring and the association between cumulative dose of chemotherapeutic agents and subsequent reproduction. The final proportions of married and fertile subjects following sarcoma treatment were 36.2% (17/47) and 29.8% (14/47), respectively. Two subjects had fathered and 8 had conceived a total of 15 offspring. The proportion of fertile men was significantly lower compared to that of women. The mean interval between the last chemotherapy and the first delivery was 9.5 years. Of the 10 first births, 6 were normal transvaginal deliveries and 4 were caesarean sections (1 was a medical termination due to lung metastases, 1 was due to infected amniotic fluid caused by uterine myomas and 2 were performed due to abnormal rotation of the fetus). No offspring presented with congenital deformities. Fertile men had received smaller cumulative chemotherapeutic agent doses, particularly of ifosfamide, compared to those who had not fathered any offspring. In conclusion, infertility occurs more frequently in men compared to women following intensive chemotherapy. All the patients should be offered counseling regarding the potential risk of infertility prior to cancer treatment.
Introduction
Over the last few years, with the advances in multidisciplinary therapy, including neoadjuvant chemotherapy (1, 2) , radiation therapy (3) and limb-preserving surgery (4, 5) , the prognosis of high-grade bone and soft tissue tumors has markedly improved, with a corresponding increase in the number of long-term survivors. This increase has generated new problems in the form of latent treatment-related adverse effects (6) . Although several types of cancer occur predominantly in the elderly, a number of cancers arise prior to or during the reproductive age. For example, high-grade bone and soft tissue tumors, such as osteosarcoma, Ewing's sarcoma and synovial sarcoma, most commonly occur in adolescents and young adults. Similar to healthy individuals, young survivors of such cancers would expect to get married and parent their own offspring (7) .
Amputation or limb-preserving surgery are now routinely performed on patients with high-grade bone and soft tissue tumors arising in the extremities. Limb-preserving surgery with a wide margin has achieved positive outcomes; however, loss of limb function remains an unsolved problem. Marriage is an important goal for patients, from the physical as well as the psychological perspective (8) . However, chemotherapeutic agents may cause gonadal toxicity and long-term impairment of fertility, with infertility being one of the major long-term adverse effects of chemotherapy. A number of studies have addressed gonadal toxicity following chemotherapy for hematological malignancies and testicular and breast cancers (9) (10) (11) ; however, only a limited number of studies have addressed marriage and fertility in long-term survivors of high-grade bone and soft tissue sarcomas (12) (13) (14) (15) . In this study, we aimed to investigate specific issues, such as the effect of the treatment of high-grade bone and soft tissue tumor on marriage and fertility of long-term survivors, whether it is safe for these patients to father or conceive offspring, the optimal interval between the completion of the last chemotherapy and conception and whether the cumulative dose of chemotherapeutic agents are associated with subsequent fertility.
Materials and methods
Patients. Between September, 1985 and December, 2013, 272 patients aged <40 years at diagnosis were treated for high-grade bone and soft tissue tumors at Osaka City University Hospital (Osaka, Japan). The inclusion criteria for this study were male or female patients who had been diagnosed with high-grade malignant bone or soft tissue tumors, received chemotherapy and survived for >5 years after the initial treatment; a total of 47 patients fulfilled these criteria. The patients comprised 24 men and 23 women, with a median age at diagnosis ± standard deviation (SD) of 18.0±8.9 years (range, 4-40 years). The median age ± SD at the last follow-up was 33.0±9.5 years. The mean duration of the follow-up was 11.0 years (range, 5.0-28.0 years). The mean interval from the last chemotherapy to the last follow-up was 10.1 years (range, 0.1-27.3 years).
The study protocol was approved by the Institutional Ethics Review Board of Osaka City University Graduate School of Medicine.
Treatment. In this series, the treatment protocol for patients with high-grade bone and soft tissue sarcomas consisted of preoperative chemotherapy, wide resection and postoperative chemotherapy. Various surgical procedures, including amputation, rotationplasty and reconstruction with tumor prostheses, were performed. When the only option was amputation, this was performed after providing a full explanation and receiving the patient's informed consent.
The chemotherapeutic protocols for high-grade osteosarcoma were as follows: Between 1985 and 1996 (16), chemotherapy was administered preoperatively for an average of 3.5 months and postoperatively for 7.2 months. Adriamycin (DOX) was administered intravenously (i.v.) at a dose of 40-60 mg/m 2 every 2-3 weeks. Methotrexate (MTX) was administered i.v. at a dose of 200-300 mg̸kg every 2 weeks. Cisplatin (CDDP) was administered i.v. at a dose of 100-130 mg/m 2 every 3 weeks. The patients were divided into six groups according to the protocols of preoperative chemotherapy they had received: Group 1 had received DOX-DOX-MTX-MTX, group 2 DOX-CDDP-DOX, group 3 CDDP-CDDP-MTX-MTX, group 4 CDDP-CDDP-CDDP, group 5 MTX-MTX-CDDP-CDDP and group 6 MTX-MTX-CDDP+DOX-MTX-MTX-CDDP-DOX. Postoperative chemotherapy was repeated twice, using the same protocols as for the preoperative chemotherapy.
Between 1997 and 2004, intensive doses of chemotherapy were administered according to the OOS-D protocol (17) , which was based on the T10 and T12 protocols with modifications (1, 2 [1] [2] [3] [4] [5] repeated three times at 3-week intervals. Following tumor resection, two courses of the same regimen administered preoperatively were given at 3-week intervals (20) .
For patients with relapse in pulmonary or other sites, second-line chemotherapy comprised IFM (1,800 mg/m 2 /day; days 0-4), carboplatin (400 mg/m 2 /day; days 0-1) and ETP (100 mg/m 2 /day; days 0-4) with some modifications (21) .
Classification by marriage. The proportion of married subjects was defined as number of married/total number of subjects and was investigated to clarify whether treatment exerted an effect on achieving marriage. To assess the true effect of treatment, the 'true marriage proportion' was calculated from the difference in the proportion of patients already married at presentation and at the final follow-up. The associations between the proportion of married patients and gender (male vs. female), age [<20 vs. ≥20 years (in Japan, individuals aged ≥20 years are officially considered to be adults)], type of tumor (bone vs. soft tissue tumor) and surgical procedure were also investigated. The surgical procedures were classified as amputation or limb preservation groups at the last follow-up.
One patient who had undergone rotationplasty was classified into the amputation group.
Classification by fertility. The fertility of the 47 patients was also investigated. Childbirth was selected as the end-point of fertility, as it was considered important to ascertain whether the offspring, particularly the first-born, of subjects who had received chemotherapy were normal. The proportion of fertile subjects was defined as the number of patients fathering or conceiving offspring/total number of patients. As some patients already had children prior to treatment, the data on fertility at the final follow-up did not represent the true proportion of fertile subjects. To determine the true effect of chemotherapy on fertility, the 'true fertility proportion' was calculated as the difference between the proportion of patients with offspring at presentation and with offspring at the final follow-up. The associations between the proportion of fertile patients and gender (male vs. female), age (<20 vs. ≥20 years), type of tumor (bone vs. soft tissue tumor) and surgical procedure (limb preservation vs. amputation) were investigated. The interval from the completion of chemotherapy to the first childbirth was considered a marker of fertility recovery. Whether the offspring presented with any problems was also assessed.
As described above, the main drugs used were DOX, CDDP, MTX and IFM (22) . The association between fertility and the doses of each of these agents was evaluated.
Statistical analysis. The Fisher's exact probability test was performed for statistical comparison of two groups. Statistical analysis was performed using Excel statistics software, version 2012 (Social Survey Research Information Co., Ltd., Tokyo, Japan) for Windows. P<0.05 was considered to indicate a statistically significant difference.
Results

Patients.
The relevant clinical characteristics of the patients, including gender, type of tumor, histopathology, site of primary tumor and state of affected limb are summarized in Table I .
Effect of treatment on marriage. The overall proportion of patients who were married prior to treatment was 6/47 (12.8%) and at the final follow-up 17/47 (36.2%); thus, the true marriage proportion was 23.4% (11/47). There were no significant associations between marital status and gender (P=0.093), age (P=0.741), type of tumor (P=0.925), or surgical procedure (P=0.676) ( Table II) .
Effect of treatment on fertility. The overall initial proportion of fertile subjects was 4/47 (8.5%); this had increased to 14/47 (29.8%) by the time of the final follow-up. Thus, the true proportion of fertile subjects at the final follow-up was 21.3% (10/47). The true proportion of fertile subjects was significantly associated with gender (P=0.036), but not with age (P=0.723), type of tumor (P=0.938), or surgical procedure (P=0.767). The true proportion of fertile subjects was significantly lower in men compared to that in women (Table III) .
Interval from last chemotherapy to delivery of first offspring.
The overall median interval from the completion of chemotherapy to the delivery of the first offspring was 9.5 years (range, 1-27 years). The wife of one of the two fertile men delivered their first offspring 2 years after the patient's last chemotherapy and the wife of the other patient 7 years after his last chemotherapy. The mean interval between the last chemotherapy and delivery was 11.5 years in the 8 fertile women, with the shortest interval being 1.0 year (Fig. 1) .
Clinical data regarding the first childbirth following chemotherapy. The clinical data regarding the first childbirth following treatment of high-grade bone and soft tissue tumors is summarized in Table IV . At the last follow-up, 10 patients had a total of 15 offspring after treatment. Of these 10 subjects, 8 had osteosarcomas and the remaining 2 synovial sarcomas. Seven of the offspring were male and 8 were female. Of the first offspring, 4 were male and 6 were female. Six of the first offspring were delivered transvaginally and 4 by caesarean sections. One female patient (case 3), who had synovial sarcoma and later conceived, was diagnosed with lung metastases during her pregnancy and underwent medical termination of the pregnancy; the fetus had a birth weight of 1,570 g and no congenital deformities. In case 5, a uterine myoma was detected during pregnancy and infection of the amniotic fluid necessitated urgent delivery by caesarean Figure 1 . Interval between last chemotherapy and first delivery. The wives of the 2 fertile men delivered their first offspring at 2 and 7 years after completion of the chemotherapy. In the 8 fertile women, the mean interval to delivery was 11.5 years. M o , male offspring; F o , female offspring. section. In cases 6 and 10, caesarean sections were required due to prolonged labor caused by abnormal rotation of the fetus. None of the 15 offspring conceived after their parents had received chemotherapy had congenital deformities. Case 10 had received hormone therapy to induce pregnancy and delivered her first offspring at the age of 40 years, which was 27 years after her cancer treatment.
Association between cumulative dose of each chemotherapeutic agent and childbirth. The associations between the birth of the first offspring and total cumulative dose of the drugs DOX, CDDP, MTX and IFM are shown in Fig. 2A-D . Fertile male subjects had received smaller doses, particularly of IFM, compared to those who had not fathered any offspring. Conversely, there was no identified association between childbirth and cumulative doses of chemotherapeutic agents in the female subjects.
Discussion
In the present study, the overall proportion of married subjects of 36.2% (17/47) was lower compared to the 63.0% reported in equivalent subjects in Japan in 2009 (15) . These data may reflect the current downturn in the marriage rate in Japan (23). In the present study, the proportion of married men (31.4%; 7/24) tended to be lower compared to that of married women (43.4%; 10/23); however, this difference was not statistically significant (P= 0.093). The treatment for malignant bone and soft tissue tumors may exert a negative effect on the marriage prospects of men. Traditionally, Japanese men are mainly responsible for the financial support to the family; young men (mean age, 33 years at the final follow-up) with a certain impairment of physical function following tumor surgery may consider it inappropriate to start a family, particularly considering the recent economical recession affecting Japan.
Regarding fertility, the overall final proportion and the true proportion of fertile subjects at the last follow-up were 29.8% (14/47) and 21.3% (10/47), respectively, compared to previous studies that reported 8.3% in male subjects alone (12) and 41.6% (15/36) (13) and 27.4% (17/62) in both genders (15) ( Table V) . The total fertility rate in Japan is currently lower compared to that in other developed countries. According to data on women in Japan (23), the live birth rate (number of births/total number of women) is ~75.2% among Japanese women of similar age. In the present study, 23 women had 13 offspring at the final follow-up; thus, the live birth rate was 56.6% (13/23). Therefore, chemotherapy for high-grade bone and soft tissue tumor apparently exerts a somewhat negative effect on fertility; however, a statistical analysis of these data is not possible.
The true male fertility rate of 8.3% (2/24) was significantly lower compared to the female fertility rate of 34.8% (8/23). Thus, intensive chemotherapy for malignant bone and soft tissue tumor exerts a more significant negative effect on male compared to female fertility. The two men who fathered offspring had received lower cumulative doses of IFM compared to those who had not (Fig. 2) . In 1948, Spitz (24) was the first to report the effects of chemotherapeutic agents on the gonads. Fertility-related problems following chemotherapy, including male azoospermia and female amenorrhea, have been well documented. However, several researchers have reported that chemotherapy for high-grade malignant 
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bone tumors does not affect the fertility rate (13, 14) . Recently, however, more intensive chemotherapy has been used for high-grade bone tumors, with a resultant increase in the number of long-term survivors. The sequelae of this more intensive chemotherapy scheme have been re-evaluated and found to negatively affect fertility in male long-term cancer survivors (12, 15) . The chemotherapeutic dose has been associated with damage to the gonads (25) . The cumulative dose of chemotherapeutic agents was the most significant determinant, largely due to only few patients receiving single-agent chemotherapy, as multiple-drug chemotherapy is widespread and highly effective. DOX, CDDP, MTX and IFM are the key chemotherapeutic drugs used to treat high-grade bone and soft tissue tumors. Among chemotherapeutic drugs, it has been demonstrated that alkylating agents are the most toxic to the gonads (26, 27) . Longhi et al (12) reported that 20/26 male patients exhibited oligospermia or azoospermia following chemotherapy with high-dose IFM (median, 42 g/m 2 ) for osteosarcoma. Williams et al (28) reported that gonadal dysfunction occurs after total IFM doses of >60 g/m 2 . Longhi et al (29) reported that patient age and dose of alkylating agent are the most significant predictors of early menopause in young female patients with osteosarcoma. Meistrich et al (30) reported that high-dose CDDP (≥600 mg/m 2 ) permanently reduces sperm counts in male patients, whereas according to Wallace et al (31) , total doses of CDDP ≥490 mg/m 2 compromise gonadal function. MTX causes transient testicular dysfunction, but not ovarian dysfunction (32) . By contrast, DOX is rarely associated with gonadal toxicity (33) .
In our study, the mean interval between the last chemotherapy and the first delivery was 9.5 years (1-14 years), which is similar to previously reported findings (13, 14) . The shortest interval to first delivery was only 1 year in a female patient (case 3; Table IV ). Of note, in that patient, the cumulative . Four months after the completion of chemotherapy, the patient conceived; the fetus was delivered by caesarean section. This suggests that female fertility is relatively resistant to the damaging effects of intensive chemotherapy or that there is rapid recovery following completion of chemotherapy.
Patients, particularly female patients, of childbearing age often desire a pregnancy after completing treatment for high-grade bone and soft tissue sarcoma, as they have not yet had the planned number of offspring. As regards the recommendations of health providers and oncologists to such patients regarding the minimal interval between cancer treatment and attempting conception, there are no available published studies for patients with high-grade malignant bone and soft tissue tumors. The Royal College of Obstetricians and Gynaecologists (34) currently recommends that women with breast cancer delay pregnancy for ≥2 years after the diagnosis, as most recurrences occur within this time range. Similarly, the Society of Obstetricians and Gynaecologists of Canada (35) advises women with breast cancer to defer pregnancy for 3 years. The guidelines for soft tissue sarcoma published by the European Society of Medical Oncology (36) recommend that patients with high-grade tumors who have been treated surgically should be followed up every 4 months for the first 2-3 years, this being the period during which relapse usually occurs. Therefore, the minimum recommended interval between pregnancy and last chemotherapy should be 2-3 years.
In the present study, only few subjects experienced complications during delivery (Table IV) . A total of 4 patients (40%) underwent caesarean sections: One for medical termination as the patient had developed lung metastases; one for infected amniotic fluid caused by a uterine myoma; and the remaining 2 patients due to prolonged labor caused by abnormal rotation of the fetus. Uterine myomas are common benign gynecological tumors, with an incidence of ~20%. The tumor size is affected by estrogen concentrations; this tumor is unrelated to previous chemotherapy. The incidence of caesarean sections is similar to that previously reported (Table V) . The remaining 6 infants were delivered uneventfully (normal transvaginal delivery). Thus, uterine exposure to chemotherapeutic agents for high-grade bone and soft tissue tumors apparently exerts no negative effect on childbirth.
Another concern regarding sarcoma treatment is that any offspring may be at increased risk of congenital deformities (7). As chemotherapeutic agents are potential mutagens, there is a theoretical risk of chemotherapy increasing the incidence of congenital deformities and miscarriage. A previous review (37) concluded that the overall incidence of congenital malformations following cancer treatment is 3-4%, which is similar to the incidence in the general population. In the present study, no congenital deformities were detected in any of the offspring of subjects who had received intensive chemotherapy (Table IV) . Thus, intensive chemotherapy for high-grade bone and soft tissue tumors exerted no detectable effect on the offspring of our patients.
This study has certain limitations, namely its retrospective design, limited patient sample, lack of control cases and the fact that it was conducted in a single Japanese institution. Moreover, we collected limited clinical information regarding the pregnancies and used delivery as the endpoint for functional assessment of fertility. It would have been preferable to investigate variables associated with the menstrual cycle in our female subjects and to perform semen analysis in the men. In addition, measurements of the serum concentrations of sex-related hormones, such as follicle-stimulating hormone, luteinizing hormone and testosterone (38) , would have provided more objective indicators of fertility, as would the radiological assessment of the size of the testes or ovaries (39) . However, high-grade bone and soft tissue tumors are rare and data on pregnancies are extremely difficult to obtain, as there are so few long-term survivors. Finally, as these patients had been administered various chemotherapeutic agents under different protocols, we were unable to accurately identify the effect of any single agent on gonadal function.
The 2006 American Society of Clinical Oncology clinical practice guidelines (40) , updated in 2012 (41) , recommend that health care providers, including oncologists, discuss the possibility of infertility and other potential risks with patients who are scheduled to receive chemotherapy during their reproductive years prior to the administration of any treatment. All the patients should understand the possible risk of infertility following chemotherapy. Our institution has a standard practice of offering sperm, embryo and oocyte cryopreservation prior to treatment initiation.
In conclusion, intensive chemotherapy for high-grade bone and soft tissue tumors may compromise the fertility of young patients, particularly men. However, there is no evidence for the offspring of such patients being at increased risk of congenital deformities. All young patients with high-grade bone and soft tissue tumors receive counseling regarding the possibility of infertility prior to the initiation of chemotherapy.
